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This paper presents experimental investigation on improvement of mechanical properties of both plain cement concrete 
(PCC) and fibre reinforced concrete (FRC) confined with un-plastisized poly-vinyl chloride (UPVC) pipes, which has been 
considered for enhancing durability of concrete structures. UPVC pipes with outer diameter 160 mm and length 300 mm 
have been used with three different average thicknesses viz. 2.55 mm, 4.0 mm and 5.8 mm, respectively to explore its 
composite performance, effectiveness in strength and ductility improvement in construction industry particularly in 
corrosion environment. Three series of concrete M20, M25, M30 have been designed as per the latest version of Indian 
Standard Code of practice IS 10262:2009. A total of 54 concrete filled UPVC pipe specimen and 27 unconfined concrete 
control specimen have been cast and tested using displacement controlled universal testing machine having 2000 kN 
capacity. The modes of deformation, load-deformation curve have been noted and detail analysis & comparison has been 
made with unconfined, control specimen. Attempt has also been made to study UPVC pipe confinement effect on 
improvement of concrete strength and the load–deformation behaviour considering both PCC and FRC. 
Keywords: UPVC tube, PCC, FRC, Confinement, Ductility 
1 Introduction 
In the recent years, there is a significant increase in 
the use of composite column sections due to enhanced 
strength, effective usage of materials and higher 
stiffness. Strengthening or repairing of deteriorating 
concrete columns considering composite section is 
one of the major thrust area of study in construction 
industry across the world. Concrete structures in 
particular when exposed to marine and saline 
environments (tidal and splash zone) fails due to 
deterioration of concrete surface as well as corrosion 
of reinforcements. That’s why a high repairing cost is 
required towards revival of the deteriorated structures. 
Generally, to improve the ultimate strength of RC 
structures, durability and stiffness of concrete to some 
extent, different composite materials such as steel 
tubes, steel jackets, fibre reinforced polymer (FRP) 
jackets are being widely used. Structural steel tubes 
are extensively studied for such purpose in past two 
decades1-3. Although use of steel tubes provides 
different types of good improvements, it has a major 
disadvantage of being a low resistance to corrosion. A 
number of scholars investigated behaviour of concrete 
columns confined by different materials4. So to say 
concrete column confinement with steel jackets, FRP 
jackets or a combination of both has already been 
established. Hence, alternate confining jacketing 
material i.e. un-plastisized poly-vinyl chloride 
(UPVC), which is known for its outstanding anti-
corrosion characteristics and its wide commercial 
availability based on construction industry 
requirements have come up. In particular, for fresh 
construction purpose the advantage of UPVC pipe  
is manifold such as it may act as a formwork,  
jacket, external shear or flexural reinforcement; 
protect concrete structure from aggressive 
environmental degradation. 
Kurt et al.5, Marzouck and Sennah6 and Gupta7 
have dealt with the ultimate strength of plastic 
columns with plain cement concrete (PCC) core. It is 
reported that the structural behaviour of the plastic 
pipe is very similar to the behaviour of spiral 
reinforcement but with lower stiffness under 
compression. The use of UPVC tube in such a case 
improves considerable lateral confinement to the 
concrete columns and hence increases the ultimate 
compressive strength of such columns with greater 
level of ductility. Toutanji and Saafi8 proposed 
column, cast in place, consist of an concrete core, 
encased in PVC tube reinforced with FRP, using 
different types of fibres (carbon, aramid, glass) and 
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tested under different environmental conditions. 
Soliman9 investigated the behaviour of long concrete 
columns confined by means of proper plastic, in three 
different groups with slenderness ratios from 9 to 18, 
including failure mechanisms and subsequently their 
failure mode with theoretical model for calculation of 
the column capacity.  
Thermoplastic pipe confined concrete (TPCC) 
column as a composite system exposed to the tidal 
zone or the air–earth zone in marine environments has 
also been investigated by Wang and Yang10. It is 
found that the shortcomings of the common concrete 
such as high brittleness and bad ductility are 
improved effectively by the use of TPCC. Xie and 
Ozbakkaloglu11 studied axial compressive behaviour 
of steel fibre reinforced high-strength concrete 
(SFRHSC) filled FRP tubes experimentally, where the 
effects of steel fibre shape, aspect ratio and volume 
fraction were examined.  
Since the last few decades, investigators have 
focussed on lateral confinement of concrete structures 
where they have mostly used different types of fibre-
reinforced polymers (FRP). From the perspective of 
cost of material and skilled labour for the FRP based 
construction, PVC tube has come up as a new 
concrete protection, durable, sustainable and 
structural strengthening alternative materials in 
various industrial applications. With this background, 
Abdulla12 presented a detail review on various past 
studies in the field of concrete filled PVC tube. 
Author commented that studies have been performed 
on the effects of pipe geometry, core concrete 
compressive strength and slenderness ratio, post peak 
behaviour of stress-strain curves, ductility as well as 
strength enhancement of PVC confined concrete 
considering short, small scale prototype samples. The 
investigator suggested that full scale testing and 
investigation are required to study its behaviour in 
detail so as to gain proper engineering knowledge, 
development in this field in order to bring a bright 
prospect in growth of structural engineering 
especially for low cost projects of structural 
engineering applications. 
In line with the above, an initiative has been made 
to study the tensile, compressive strength of the 
UPVC specimen as per ASTM standard and the 
behaviour of the plain cement concrete (PCC) as well 
as fibre reinforced concrete (FRC) filled UPVC pipes 
of variable thicknesses in Indian perspective 
applicable to low cost housing. As different types of 
fibres and inexpensive UPVC tubes are widely 
available commercially in our country, an attempt has 
been made to note the improvement in stress-strain 
behaviour of UPVC confined PCC and FRC which 
may be attributed to strengthening of concrete column 
in terms of load carrying capacity, ductility and 
durability.  
 
2 Research Significance 
Cost effective strengthening, as well as protection of 
the core material from the environmental degradation is 
the main purpose of the use of UPVC pipe as 
confinement in composite columns, while using PCC 
and FRC as core material. In addition, since the UPVC 
pipe, may replace the formwork and cast together with 
the concrete column, the confinement eliminates the 
moisture loss due to the setting and hydration of fresh 
concrete, as well as provides protection to the concrete 
core from corrosion and harsh environmental 
conditions. In various past studies12 on UPVC tube 
confined plain concrete, in addition to being less 
expensive, UPVC as a confinement material, have 
already shown its usefulness, mainly for low cost 
structural projects. Hence, observing the effectiveness 
of UPVC as a concrete confinement and considering 
inadequate study in this field FRC as core replacing 
PCC, authors in this paper, took up the stride on 
investigating the effect of UPVC confinement on both 
PCC and FRC core considering UPVC tube thickness 
and concrete strength as study parameters with 
analyzing the ultimate compressive strength along with 
the stress-strain responses for suitability and better 
understanding. 
 
3 Experimental Programme 
 
3.1 Materials 
Polymer is considered as one of the most suitable 
materials in particular when high corrosion resistance 
is required. Also, for the protection of on-shore and 
offshore pipelines, a polyethylene copolymer coating 
is used. Hence, UPVC tube/pipe can also be used as a 
protective layer against mechanical damage caused by 
the severe environment. Physical properties of the 
UPVC have been extensively studied and mentioned7. 
Since thermal conductivity of UPVC is only 0.6% that 
of a steel tube, it can provide a stable curing condition 
for the core concrete to achieve better performances 
and durability. It adds less weight, allows easy 
installation, and requires less labor and speedy 
completion. In view of the same, UPVC pipe has been 
chosen to confine concrete. 
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Both tensile and compressive tests13 were 
conducted on UPVC sample procured from the 
manufacturing unit of Dupol Pvt. Ltd, Durgapur. The 
sample has been prepared as per the ASTM D638-
02a14 standards and tested in-house universal testing 
machine (UTM) in civil engineering department of 
NIT Durgapur as shown in Fig. 1 (a & b). The 
experiment was performed using a displacement 
control method with cross head speed of 2 mm/min. 
The corresponding stress-strain curves are shown in 
Fig. 2. The maximum tensile and compressive 
strength found out in the test were 39.79 MPa and 
33.16 MPa, respectively, which is in line with the 
expected physical properties as mentioned by Gupta7. 
In the present investigation, the outer diameter of the 
pipe has been chosen as 160 mm along with three 
different thicknesses of pipes, 2.55 mm, 4.0 mm and 
5.8 mm to study the effect of the pipe thickness on the 
confined cylinders. Three series of concrete M20, 
M25, M30 were designed as per code15 IS 
10262:2009 to fill the UPVC tubes. Portland 
pozzolana cement (according to IS 1489:1991 (Part-1) 
(Reaffirmed 2005)16) was used to obtain concrete. 
Local sand with a fineness modulus of 2.51 was used 
as fine aggregate and saturated surface dry crushed 
aggregate was used as coarse aggregate of 12.5 mm 
nominal dia. The concrete mix proportions and the 
cube compressive strength at 28 days (fck) are given in 
Table 1. Fibre reinforced concrete has also been 
considered to study the behavior with the UPVC 
confinement. A volume fraction of 1% was adopted. 
The diameter of the fibre is 0.7 mm with a length of 
30 mm. Length of the fibre was adopted based on the 
critical length to diameter ratio (l/d) value mentioned 
in past literature. 
 
3.2 Casting and testing of specimens 
A total of 54 filled plastic tube concrete cylinder 
specimens and 27 unconfined concrete specimens were 
cast and tested for monotonic axial compression. 
UPVC pipes with the outer diameter of 160 mm were 
cut as 300 mm in length. The three types of UPVC 
 
 
 
Fig. 1 — In-house experimental set-up. 
 
 
 
Fig. 2 — Stress-strain curve13 for UPVC specimen. 
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pipes with the working pressure of 0.25 MPa (Class-I), 
0.4 MPa (Class-II), 0.6 MPa (Class-III) (according to 
IS: 4985-200017) were used in this work and their 
average thicknesses were 2.55 mm, 4.0 mm, and 5.8 
mm, respectively. Two different types of concrete PCC 
and FRC of grades M20, M25 and M30 were 
considered for the testing to check the variation in the 
behavior along with UPVC pipes. The diameter (outer) 
of the circular section in this experiment was 160 mm 
for all specimens with a height of 300 mm. The 
specimen designations for M20 specimen were given 
as TNXXXMZZ (i.e. T1PCCM20) where TN stands for 
thickness of the pipe (i.e. T1=2.55 mm, T2=4.0 mm and 
T3=5.8 mm), XXX is the type of concrete section (i.e., 
PCC/FRC in this case), M stands for mix of the 
concrete, and ZZ is the grade of concrete. In the same 
way the specimens were casted and tested with other 
concrete grades of M25 and M30. Some pipes have 
been cut along the longitudinal direction and sealed 
with plastic tape to use them as a mould for control 
specimen. Lubricant was also applied for all the 
prepared pipes in order to remove the control specimen 
easily. All the specimens were tested for monotonic 
axial compression. With the cylinder specimens, cubes 
were also cast to check the strength.  
After casting and 28 days curing in room 
temperature, testing of the concrete filled UPVC tubes 
and control specimens were done in a computerized 
UTM (Fig. 1(c)) having capacity of 2000 kN. Stress 
strain curves and load displacement curves were 
plotted in the Max test, the UTM software. The 
experiment was performed in displacement control 
mode with cross head speed of 2 mm/min. Loads and 
displacements were measured continuously by data 
acquisition system of UTM.  
 
4 Experimental Results and Discussion 
All confined specimens exhibited a good ductility 
and still retained the integrity when the displacement 
reached 24.4 mm. The failure pattern of all specimens 
was shear failure and drum type failure. Similar mode 
of failure was also observed by Wang and Yang10 in 
their experimental program. In the shear-type failure, 
the core concrete is damaged by shear stress in one 
direction due to the weak confinement by the pipe, 
whereas in the drum-type failure, crack didn’t develop 
in the core concrete in single direction and failure 
appeared like drum type because of the strong 
confinement. Elephant foot type failure i.e. bulging or 
deformation was observed in some of the specimens at 
the loading ends exhibiting crushing with dilation of the 
core concrete inside the confinement due to inability of 
load transfer. The failure patterns are shown in Fig. 3. 
Load-deformation (compression) curves have been 
plotted from the test data obtained from computerized 
UTM, as shown in Fig. 4. It comprises various 
parameters such as pipe thickness, grade of concrete 
for control, UPVC confined PCC and UPVC confined 
FRC specimen. Figure 4 shows that initial axial 
behaviour of confined and unconfined plain concrete 
are same as core concrete had less dominant cracks. 
But, at the peak load, the unconfined samples failed 
with cracking and bulging of concrete under axial 
compression, whereas for the confined specimens, the 
UPVC pipe restrained the bulging, hence the peak 
crushing load is increased for confined specimens. 
For the same reason, the post-peak behaviour (the 
descending part of the curve) also shows higher 
integrity which indicated high ductility, as the crushed 
concrete inside the UPVC bulged laterally and pushed 
 
Table 1 — Concrete design mix proportion. 
Grade  W/C ratio Water Cement Sand Coarse Aggregate fck, for PCC 
(MPa) 
fck, for FRC 
(MPa) 
M20 0.48 0.48 1 1.555 2.877 28.00 32.87 
M25 0.44 0.44 1 1.452 2.733 34.38 39.93 
M30 0.41 0.41 1 1.357 2.599 39.53 40.44 
 
 
 
 
Fig. 3 — Observed failure modes of the specimen. 
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the UPVC pipe wall outwards, which caused the drum 
type failures mainly as well as the shear type failures 
for low thickness confining pipes. 
The confined specimens exhibited a prolonged 
ductile behaviour with gradual post-peak strength 
degradation. The core concrete continued to crush and 
push the PVC wall outwards to bulge and deform 
significantly. To assess the confinement effect on the 
ductility of the specimens, the displacement ductility 
factor of all of the specimens were calculated and the 
results are shown in Table 2. Displacement ductility 
factor (μΔ = Δu/Δyl) was used to evaluate the ductility 
of the columns, where μΔ is obtained as the ratio of 
ultimate displacement (Δu) to effective yielding 
displacement (Δyl) of the load-compression curve, 
respectively, using the approximation method 
described by Barrera et al.18 
 
4.1 Effect of grade of concrete 
It is observed that the failure load of the confined 
cylinders is higher than unconfined cylinders for all 
grades of concrete. But for confined FRC cylinders 
 
 
 
Fig. 4 — Load-displacement curves of confined and control specimen. 
 
Table 2 — Displacement ductility factor (μΔ) of the PCC specimen. 
Pipe 
thickness (T) 
Average displacement ductility factor (μΔ) for specimen height (H) = 300 mm 
M20  M25  M30 
Unconfined 
/Control 
Confined 
PCC 
% Increase Unconfined 
/Control 
Confined 
PCC 
% Increase Unconfined 
/Control 
Confined 
PCC 
% Increase 
T1 1.467 1.697 15.678 1.550 1.803 16.323 1.293 1.850 43.078 
T2 1.407 2.283 62.260 1.420 2.320 63.380 1.490 2.663 78.725 
T3 1.577 3.567 126.189 1.523 1.975 29.678 1.513 2.407 59.088 
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failure load of M20 cylinders is not much increased as 
compared to M25 and M30. For T1 type UPVC 
confined specimens, the percentage of increasing load 
for confined cylinders with plain concrete is about 
28%, 29% and 39% for M20, M25 and M30, 
respectively while cylinders filled with FRC, failure 
load is increased by 27%, 71% and 85% for M20, 
M25 and M30, respectively. For T2 type UPVC 
confined specimens, the percentage increase in load 
for confined cylinders with plain concrete is about 
26%, 35% and 86% for M20, M25 and M30, 
respectively. Confined FRC enhanced the failure load 
over unconfined by 30%, 75% and 106% for M20, 
M25 and M30, respectively. T3 type UPVC confined 
specimens behaved differently from Class 1 and Class 
2 type FRC filled cylinders. Furthermore, T3 type 
UPVC confined PCC specimens exhibited percentage 
increase in failure load by 56.6%, 66% and 125% 
while confined FRC by 67%, 82% and 107% for 
M20, M25 and M30 than confined plain concrete, 
respectively. With the increase in concrete grades, 
confined PCC takes higher load carrying capacity 
than unconfined plain concrete. Moreover, confined 
FRC takes significantly higher load than confined 
PCC because of steel fibre in the concrete core for all 
the grades of concrete. From Table 2, it is clear that 
ductility performance of confined PCC specimens is 
better than unconfined specimens irrespective of 
concrete grade because of restraints against the 
bulging in confined specimens. Also, increase in 
cement content with increase in grade makes concrete 
more brittle hence more crushing and bulging. It was 
also seen that the slope of the onset section of the 
curves goes down with the decrease in grade of 
concrete. The reason can be ascribed to the difference 
of the elastic modulus between UPVC tube and core 
concrete. The elastic modulus of UPVC tube is 
significantly less than that of the concrete core. 
Therefore, when the grade of concrete decreases, the 
proportion of UPVC elastic modulus in a confined 
concrete specimen increases and the elastic modulus 
of the confined concrete decreases, hence 
confinement effect increases. Thus, with increase in 
core concrete strength, the confinement effectiveness 
decreases. 
For FRC, more cement content in higher grade 
concrete enhances the steel fibre-cement bonding, 
which results in higher load carrying capacity with the 
core concrete exhibiting strain softening inside the 
confinement. Thus, for higher core concrete strength, 
the confinement effectiveness decreases, but the 
ductility of the sample increases due to lateral dilation 
of the core inside the confinement. 
 
4.2 Effect of type of concrete 
Effect of type of concrete mix (i.e. PCC or FRC) 
on failure load is obvious. From the comparison of 
load-compression graphs of unconfined, confined 
PCC and confined FRC specimens, the higher peak 
value of the graphs clearly indicates that, the confined 
PCC specimens show much more load carrying 
capacity than the unconfined, whereas, the highest 
peak value of the curve for the UPVC confined FRC 
specimens indicates that, the confined FRC specimens 
bears more load carrying capacity than the confined 
PCC specimens. It concludes that the confinement 
effect for a certain grade of concrete has a positive 
impact in increasing the load carrying capacity of the 
specimens with PCC as well as for the FRC core. But, 
it’s comparatively less for confined FRC as compared 
to the confined PCC specimens because the 
confinement effect of PVC tube decreases as the 
strength of concrete increases as mentioned earlier. 
 
4.3 Effect of UPVC pipe thickness 
The comparison graphs shows that the variation of 
failure loads of PCC and FRC cylinders for all the 
three grades and types of concrete mix, with increase in 
thicknesses of UPVC confinement pipes which shows, 
with increasing pipe thickness, how the load carrying 
capacity, as well as the stress of specimen increases 
slightly. Therefore, it is obvious that, the increase in 
pipe thickness contributes to some extent in the 
enhancement of the load carrying capacity of confined 
specimens for PCC core, as well as for FRC core. It is 
also noted that the ductility of specimens increases with 
the increase of pipe thickness significantly. It is 
because, the confinement effect of UPVC tube 
enhances as the tube thickness increases and confined 
concrete shows enhanced ductility, as with increasing 
pipe thickness the restrain against the bulging of 
crushed core concrete by the confining pipe increases. 
Concrete cylinder exhibits sudden failure when 
displacement reached the range of 1.6-3.7 mm, while 
for confined concrete cylinders, it reaches 24.4 mm 
displacement without sudden failure, retaining its 
integrity. The pipe thickness affects the post-peak 
behavior of the curve significantly as specimens with 
confinement of thicker pipe, retains higher integrity in 
the post peak portion of the load-compression curve. 
Results of Table 2 showed that the percentage of 
INDIAN J ENG MATER SCI, OCTOBER-DECEMBER 2019 
 
 
348
increase in displacement ductility factor of the samples 
increases for confined samples compared to the 
unconfined samples, especially for T1 and T2 thick 
confining UPVC whereas, for T3 thick UPVC 
confinement the percentage increase rate of 
displacement ductility factor decreased for the increase 
in grade of concrete. With increase in pipe thickness 
the restrain against the core concrete increases, while 
for the higher grade of concrete, higher cement content 
makes the concrete more brittle and hence, crushes and 
bulges more.In addition to that, the large difference of 
the elastic modulus between UPVC tube and core 
concrete, affects the confinement efficiency of the 
UPVC as for a certain confining pipe thickness, when 
the grade of concrete decreases; the elastic modulus of 
the confined concrete also decreases and consequently 
the proportion of UPVC elastic modulus in a confined 
concrete specimen increases; hence the confinement 
effect increases. 
 
5 Conclusions 
This paper presents an experimental study on a 
type of composite cylinders, which were obtained by 
filling unplasticized poly-vinyl chloride (UPVC) 
circular hollow tube with plain cement concrete 
(PCC) and fibre reinforced concrete (FRC). The 
parameters of interest are, type of concrete (i.e. PCC 
and FRC), grade of concrete (M20, M25 and M30) 
and thickness of confinement UPVC pipe. The 
influence of these parameters on the confinement of 
the concrete core and ultimate load carrying capacity 
were investigated. 
Confinement by UPVC tube to concrete cylinder, 
improves their load carrying capacity and ductility. 
PVC is difficult to be deformed even though the core 
concrete collapses. Hence, the composite turns into a 
strain-softening stage after peak load reaches. Due to 
its low stiffness, confining UPVC tube thickness has a 
very little yet positive influence on increase in 
strength (both for PCC and FRC core). However, 
increase in pipe thickness showed a great influence on 
increasing the ductility level of the specimens due to 
its higher restrain against the lateral dilation of the 
concrete core. Mainly two types of failure patterns of 
the specimens were observed in the investigation,  
viz. shear-type and drum-type. Also for a few  
specimens, bulging in the ends of the specimens and 
crushing of concrete inside the pipe confinement were  
also observed. Confined specimen with FRC gives 
significantly higher load carrying capacity compared 
to the same with PCC along with ductility. 
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